M have been made in order to determine the properties of the chemoreceptors of the tongue of the rat (I). Comparison of some of the results with those attained by investigators using other techniques revealed differences in the response to a series of inorganic salts among animals belonging to various phylogenetic orders. For example, the behavioral data obtained with human subjects does not correlate directly with the electrophysiological data obtained on rats. Such differences could be explained in either of two ways. First, the behavioral data represents a complex response of the over-all animal to the stimulation of the tongue. This involves many complex processes other than those present in the response of a particular group of chemoreceptors as recorded electrophysiologically. Second, actual differences in the response of the chemoreceptors on the tongue may be present from one species of animals to another. The latter possibility was previously suggested as a consequence of a theoretical treatment of the mechanisms involved in the stimulation of taste receptors by salts (2) . It has been found that the ions are very weakly bound to the receptors. Therefore, the binding of various salts should be dependent upon the over-all configurations of the receptor molecules, the available side chains, the proximity of neighboring molecules, etc. It is to be expected that these differences should be accentuated from one species to another. It is the purpose of this paper to show that differences in respon stimu lus do occur from one .se to species a chemical to another.
METHODS
The method of analyzing the response of a group of chemoreceptors was the same as that previously This resting discharge was very small in the rat, guinea pig, hamster and dog; large in the rabbit; and moderate in the cat. Rinsing the surface of the tongue with either distilled or tap water failed to eliminate this activity.
The spontaneous neural activity in the rabbit was reduced considerably when low concentrations of NaCl were flowed over the surface of the tongue. The inhibitory effect of the NaCl occurred, however, only after an initial and rapid stimulation ( fig. I) . A short burst of activity was also observed when the low NaCl concentrations were rinsed from the tongue with water. Higher concentrations of NaCl The rabbit, dog and cat were not as responsive to salts as were the rat, hamster and guinea pig. Differences were observed in both the threshold value and the concentration of a given salt necessary to attain a saturation level of response.
Various species of animals respond quite differently to equimolar concentrations of several inorganic salts. For example, NaCl is very effective in stimulating the chemoreceptors of the rat, hamster, and guinea pig whereas it is one of the least effective salts when applied to the cat, dog and rabbit. NH&l, on the other hand, is very stimulating for all preparations. Many cats would not respond to 0.1 M NaCl but would respond vigorously to 0.1 M NH&l. The relative responses to a number of inorganic salts were studied and typical values are presented in table I.
Each value shown is the average of all the responses to the given stimulus on the given species. The response to either 0.5 M NaCl or 0.5 M NH&l was taken as the standard, depending upon which gave the higher response. Within any one species, more individual variation was seen with the divalent salts than with the monovalent. This may be a result of the m e ..I 1 I. .-state level of response rather than from the initial response. However, because of spontaneous activity and the peculiar nature of the response in rabbit,. comparison of the initial receptor activity would be more valid in this animal.
The responses vary not only to NaCl and KCl, but also to the other salts. In general, LiCl acts very similar to NaCl so that if the NaCl response is low in a given species, so will be the response to LiCl. The response to NHJZl shifts very little in the series so that it always evokes a good response in all preparations tested. The magnitude of response to the three divalent salts varies to some extent from one species to another.
If the carnivores are compared with the rodents, it is seen that low sodium responses are donfined to the carnivores and the high sodium responses to the rodents, whereas the responses to potassium are uniformly low in both orders. Such phylogenetic differences in taste responses are not surprising since physiological properties of other types of cells may also differ from one species to another. For example, the Na and K content of red cells are known to differ with the species of the animal (3). The comparison of the ratio of the sodium to potassium taste responses to the ratio of the sodium to potassium content of the red cells of the same species is given in table 2. Although one can correlate the Na and K content of the red cell (not plasma) with the neural activity of the taste receptors to the same salts, the author does not mean to imply that there is necessarily a causal relationship between the events in the red cell and those in taste. However, it is thought that the differences in taste responses are probably a result of a slight difference in the physicochemical structure of the receptor surface rather than the operation of a totally different mechanism of taste stimulation.
Random selection of a few single fibers in the rat, dog, rabbitand hamster clearly show that the differences presented in table I can be attributed to like differences in the response of single receptor units. However, a few of the less sensitive fibers of the rat show a response to KC1 almost as great as that to NaCl. One may, therefore, conclude that the integrated responses from a given species are indicative of the majority of the single fiber responses but not necessarily of all.
Not only are there variations in the magnitude of response for a given substance among species, but also the time course of the response itself may differ. For example, the integrated response to 0.1 M NaCl applied to the tongue of the rat is constant in magnitude for the duration of the stimulation.
The same salt applied to the guinea pig initially results in a response similar to that of the rat but declines rather rapidly with time.
Representation of the Four Taste Qualities. Pfaffmann The response of a rat, hamster or guinea pig to 0.1 M NaCl is about 50% of the maximum response to NaCl. The response to 0.5 M NH&l is about 70% of the maximum response to NHJZl in the rabbit, cat or dog. In each instance, the magnitude of the respol se is uniform throughout an experiment and, therefore, can be used as a standard.
The maximum response to HCl is several times greater than the response to 0.01 M HCl in all species. The maximum response to sucrose may be 1.0-2. 5 times as great as the response to 0. (fig. 3) . The guinea pig also responded to rather low concentrations of sucrose whereas the rat was not as sensitive. The sugar response is not merely an osmotic effect but varies with the type of sugar employed. For example, equal osmotic concentrations of lactose are never as effective as sucrose in producing an integrated response. Variations in the magnitude of the response to sugar were seen from one preparation to another within the same species and occasionally during the course of an experiment on the same animal.
DISCUSSION
Evidence has been presented showing that differences do exist among various species in the ability of their taste receptor units to respond to a number of substances. (The term 'receptor unit' as used in this paper is defined as a group of cells innervated by one single chorda tympani nerve fiber.) A previous paper (2) considered the nature of the processes involved in the stimulation of chemoreceptors and concluded that the binding of salts to the receptor is dependent upon the particular molecular structure that exists on the surface of the receptors. This proposed theory would account for the variations in taste response with species if the molecular structure involved in stimulation would differ slightly from one species to another.
Recording of the integrated responses to a number of substances is an excellent preliminary to a more detailed single fiber study in any given species. The lack of information concerning the relative efficiency of a substance to stimulate chemoreceptors may lead to inaccurate evaluation of fiber types. For example, if a single nerve fiber is found in the cat with is responsive to acids but not to NaCl, one might classify it as an acid fiber. If, however, the same concentration of NH&l had been applied instead, the fiber might have been classified as an acid-salt fiber.
Differences in magnitude of response to salt, sour, bitter and sweet substances is difficult to evaluate. The taste quality survey is, however, very helpful in suggesting which species to choose for any particular taste problem. For example, the study of single fibers that respond to sweet substances would be much more profitably undertaken with the hamster or guinea pig than with the cat. The relatively small integrated response recorded with the cat in response to sucrose indicates, however, that the failure of Pfaffmann (4) to find sweet single fibers in the cat may have been due to the low probability of choosing one at random rather than their complete absence.
The resting discharge observed with the rabbit preparation is similar in several ways to that observed in the frog by Zotterman (6) and by Koketsu and Kimura (7) . Both the frog and rabbit preparations are active when water is flowed over the chemoreceptors, but this resting activity may be inhibited by low concentrations of NaCl. (It is interesting to note that the NaCl content of the saliva of the rabbit is probably sufficient to keep the resting activity to a minimum. ) Pfaffmann investigated the taste responses of the rat, cat and rabbit during the same time the investigations reported in this paper were undertaken (8 and personal communication). His general conclusions agree with those presented in this paper.
SUMMARY
The electrical responses of the chorda tympani nerve to chemical stimulation of the tongue were recorded in rats, guinea pigs, rabbits, cats, dogs, hamsters and raccoons. The spontaneous activity observed during a water rinse is small in the guinea pig, hamster, and dog; moderate in the cat; and large in the rabbit. This activity in the rabbit can be suppressed with low concentrations of NaCl.
The rodents respond well to NaCl compared to KC1 whereas the opposite is true with the carnivores. Animals of both orders respond well to NH& The hamster and guinea pig are easily stimulated with sucrose whereas the cat is not.
